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Abstract 
New York State’s School Tax Relief Program, STAR, provides state-funded exemptions
from school property taxes. From 2006-07 to 2008-09, these exemptions were supplemented
with rebates, which arrived as a check in the mail. The purpose of this paper is to determine
whether these two algebraically equivalent but administratively distinct policies of tax relief led
to different behavioral responses. Drawing on behavioral economics, we explore the impact of
STAR on the price elasticity of demand for school quality based on the concepts of salience and
framing. Our main results are that the behavioral impact of the STAR provisions are larger (1)
when they are most salient and (2) when they are framed as a property tax reduction instead of
as unlabeled income. We also show that salience and framing can help to explain flypaper
effects linked to state educational aid and to the resources that are freed up by a decline in the
price of education.
JEL Codes: H31, H71, H75
Key Words: Property Tax Relief, Demand for Education, Salience, Framing, Flypaper Effects
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Introduction 
New York State’s (NYS) School Tax Relief Program, STAR, provides property tax
exemptions for homeowners in a form equivalent to a matching grant. From FY2006-07 to 
FY2008-09, these exemptions were supplemented with mailed rebate checks that took the same 
form. The STAR exemptions and rebates alter voters’ tax shares for education. Our main 
objective is to determine whether the associated price elasticity of demand for education is
different for these two algebraically equivalent but administratively distinct forms of tax relief,
and, if so, whether the difference can be explained by the concepts of salience and framing.
These two concepts are drawn from the literature on behavioral public finance, much of
which has been inspired by Chetty, Looney, and Kroft (2009; CLK for short). CLK ask whether
the behavioral impact of tax provisions depends on the “salience” of those provisions, where
salience is defined as visibility or prominence.1 As discussed below, CLK and several other
studies find an affirmative answer to this question, and we provide a new way to address it. Our 
analysis also complements the Cabral and Hoxby (2012) study of property tax salience based on 
the use of escrow accounts, and other studies on whether behavioral responses to new resources
depend on the household mental account in which those resources appear—a type of framing.
Although our focus is on the natural experiment created by the temporary STAR rebate 
program, similar issues arise with other components of the local tax price for education. Price 
elasticities for different components of tax price were estimated by Eom et al. (2014). This paper
builds on the Eom at al. framework and explores whether salience and framing can help to
explain differences in price elasticities across tax-price components. This approach also makes it 
possible to look for signs of salience and framing in flypaper effects, which arise when lump-
sum education aid has a larger impact on education demand than an equivalent (defined below)
 
 
 
   
  
 
    
    
 
       
     
  
   
  
    
   
    
   
     
    
 
  
   
  
1
amount of voter income. Thus, we contribute to the literature on state aid by estimating different 
flypaper effects under different circumstance. In addition, we introduce a new type of flypaper
effect that appears in the income effect associated with a STAR-induced price change, and we 
compare this flypaper effect with the one linked to state aid.
We begin with a description of the STAR program. Then we turn to the concepts of
salience and framing. We review the literature on the impact of these concepts on behavioral
responses to taxes, and we explain how they apply to the behavioral responses to provisions in 
STAR. We explain how salience and framing may affect the price elasticity of education demand
and show that flypaper effects may appear in this price elasticity through the income effect. We 
also show that the concepts of salience and framing can help to explain both responses to non-
STAR components of tax price and traditional (state aid) flypaper effects. The next section 
explains our estimating procedure, data, measures, and robustness checks. We then present the 
results of our hypothesis tests concerning salience and framing, including hypotheses about both 
the STAR and the non-STAR components of tax shares and traditional flypaper effects. Finally, 
we summarize our main results and discuss their key policy implications. 
STAR 
History and Design of STAR
The STAR program provides homestead exemptions from school-district property taxes
for owner-occupied primary residences.2 NYS funds these exemptions by compensating school
districts for the lost revenue. According to DiNapoli (2013, 6), STAR “provided almost 3.4 
million exemptions in 2010-11,” and STAR is expected to cost NYS “over $3.7 billion by 2015-
16.” STAR does not provide property tax relief to renters or commercial and industrial property.
STAR exemptions can be “basic” or “enhanced.” All homeowners in NYS are eligible for
 
 
 
  
  
    
   
   
   
 
    
   
  
 
    
  
    
   
 
  
     
   
2
the basic exemption, which applies to any primary residence, including one-, two-, and three-
family houses, condominiums, cooperative apartments, mobile homes, and residential dwellings
in mixed-use property. Before adjustments (described below), the basic exemption is $30,000, 
although it was phased during 1999-00 ($10,000) and 2000-01 ($20,000). A homeowner’s
assessed value is reduced by the exemption, so the amount it saves equals the exemption
multiplied by the school property tax rate in the school district where the house is located. 
STAR has special provisions for homeowners in the “big-five” school districts, New
York City (NYC), Buffalo, Rochester, Syracuse, and Yonkers, because these districts are not
independent but instead are city government departments. The STAR exemption is half of the
basic exemption in NYC and two-thirds of the basic exemption in the other four districts. 
Because these districts do not have separate school taxes, their exemptions apply to all city
property taxes. Unlike other districts, NYC raises much school revenue from an income tax, so
the STAR legislation also created an income tax credit for all NYC residents, including renters.
Homeowners aged 65 or above with income below a certain limit are eligible for the
enhanced exemption. Both the exemption amount and the income limit have varied over time. In
2013-2014, the exemption amount was $63,300 and the income limit was $83,300. An income 
limit of $500,000 was also added to the basic STAR in 2011-12. Starting in 2011-12, an 
individual’s STAR tax savings could not increase by more than 2 percent per year.3 
The STAR exemptions are adjusted to account for variation in assessing practices across 
districts. This adjustment allows us to model the STAR exemptions as an amount subtracted 
from a property’s market value. In addition, STAR exemptions are multiplied by a “sales price 
differential factor” (SPDF), which is the greater of 1.0 and the median residential sale price in a 
district’s county relative to the statewide average sales price. The SPDF increases STAR
 
 
   
      
       
 
   
    
   
   
  
 
   
   
 
   
  
     
   
  
  
    
  
   
     
  
 
 
 
      
3
exemption in counties with relatively high property value. These counties are mostly located in 
“downstate” NYS, which includes NYC and its suburbs plus the rest of Long Island.4 
In its 2006-07 budget, NYS introduced the Local Property Tax Rebate Program, LPTRP:
Local property taxpayers who receive either the basic or enhanced STAR exemption and 
paid their school taxes will receive rebate checks equal to $9,000 multiplied by the
product of the school district tax rate and the county sales price differential factor, if any.
Senior citizens that qualify for the enhanced STAR exemption receive a rebate as
computed above times 1.67. There is also an adjustment factor for qualified taxpayers
whose residences are in the Big 5 city school districts (NYS Department of Taxation and 
Finance, NYSDTF, 2006)
In other words, LPTRP was algebraically equivalent to a 30 percent ($9,000/$30,000) increase
in the basic STAR exemption. In 2007-08 and 2008-09, the LPTPR was modified to be a higher
percentage of STAR savings for lower-income households and to have an income ceiling of
$250,000. The LPTPR was repealed in 2009.
The STAR exemptions appear on a homeowner’s school property tax bill, whereas
LPTRP took the form of a rebate check sent by mail. According to NYSDTF (2006):
The Office of Real Property Services (ORPS) is responsible for assembling the list of
eligible real property owners from the final assessment rolls provided by local assessors 
by July 31st. ORPS then provides the list of rebate-eligible parcel owners, the mailing
addresses and information necessary for the computation of the rebate amount to the Tax
Department no later than August 15th. The Department must issue checks to the extent
possible, by October 31st.
Administration of STAR 
STAR was signed into law by Governor George E. Pataki in August 1997. Elderly
homeowners received “enhanced” STAR exemptions in the 1998-99 school year, and “basic”
exemptions for all homeowners were phased in from 1999-00 to 2001-02. Each district was
required to notify all homeowners in the district about the existence of STAR and the need to 
apply for the STAR exemption. School officials had incentives to implement this requirement; 
each STAR exemption that was granted was fully funded by NYS. In many cases, cities and
 
 
   
 
   
  
   
  
     
  
 
  
       
  
  
   
  
     
  
   
    
 
 
    
4
towns also sent out notices, and newspapers publicized the sign-up requirements (Greene 1998).5 
The application procedure was relatively simple. Homeowners had to fill out a one-page
form to establish their residency and ownership. See Figure 1. This form was available from the 
local assessor (with whom it had to be filed) and on the NYSDTF web site. The form was also
included in mailings to homeowners by school districts or other local governments, and
NYSDTF posted online a pamphlet and other information about STAR. Once filed, the STAR
form did not need to be re-submitted in later years. Data on participation rates over time are not 
available, but these rates can be approximated by comparing the number of STAR exemptions
with the number of owner-occupied housing units in the state. By this measure, the participation
rate was 68.1 percent in 2000 and rose to 86.8 percent in 2010.6 
In most districts, STAR applications are due by March 1 and tentative assessment rolls
(or TARs) for the following school year are announced by May 1. These TARs must be posted 
on the community assessor’s web site. Homeowners must be notified about an increase in their
assessment, but otherwise it is homeowners’ responsibility to look up their tax liability. The TAR
also provides information on a homeowner’s STAR exemption based on the latest SPDF. See the 
first panel of Figure 2.7 The SPDFs are certified sometime between the tax bill in September and
the announcement of the TAR in the following May 1 (NYSDTF 2015c). 
Homeowners usually have until the fourth Tuesday of May to appeal their assessment to 
their assessor. If the assessor denies the appeal, they can bring a claim in small claims court or
file a lawsuit (NYSDTF 2015a). The final assessment roll is usually announced on July 1. Voter
decisions are made in the school district budget votes, which are scheduled on the third Tuesday
of May. Districts are required to hold a public hearing on the proposed budget during the two 
weeks preceding this vote and to provide voters with information about the budget proposal.8 
 
 
   
    
  
 
  
 
    
   
  
  
 
 
 
  
   
  
   
  
   
   
5
In most districts, property tax bills are mailed in early September. The STAR legislation
includes a Taxpayer Bill of Rights, which requires districts to include information about a
taxpayer’s STAR exemption and the associated tax savings on the school property tax bill.9 
Figure 3 provides an example, with boxes added around the STAR information. The state
provided software to prepare the first STAR tax bills, and in 2000-01 handed out $10.4 million in 
aid “to help localities defray the cost of processing STAR exemption applications and modifying
tax bills to comply with the Taxpayer’s Bill of Rights” (McCall 2001, 23). For the first vote with
the basic STAR in May 1999, non-elderly homeowners had not yet received a property tax bill
with STAR information, but STAR had been extensively publicized and it did appear on the
TAR that year. Basic STAR information first appeared on tax bills in September 1999 (Figure 3).
Governor Pataki proposed a STAR rebate program in his executive budget in early 2006. 
The legislature passed an alternative version, which Governor Pataki vetoed. As a result, no 
rebate program was in place for the school budget votes in late May, 2006 (Gormley 2006). After 
further negotiation, however, Governor Pataki and the state legislature agreed on a rebate
program, which was included in the budget signed into law on June 23, 2006. These rebates were
given to every household with a STAR exemption, with no required application. Eventually, 3.4 
million rebate checks were sent (MilGrim 2006). Although this program was not in existence
when the 2006 school budget votes took place, some voters may have anticipated it because both 
Governor Pataki and the state legislature had championed the concept. 
The rebate program was announced to all homeowners in the fall of 2006 in the form of
rebate checks. The mailing list for these checks was provided to NYSDTF by local assessors. 
According to one account, these checks “arrived at voters’ homes just before the November
election day. And coinciding with the checks were taxpayer-funded newsletters from lawmakers, 
 
 
  
  
    
    
     
   
 
  
   
 
   
   
  
  
 
  
  
 
  
 
 
  
6
informing constituents that the checks were on the way” (Precious 2013). Another account
revealed that each rebate check was accompanied by a note indicating that it was “approved by
Gov. George Pataki and the state Legislature” (Karlin 2014).
In 2007, the new governor, Eliot L. Spitzer, proposed, and the legislature passed, a new
rebate, called Middle Class STAR, that varied with income.10 Thanks to the income
conditioning, a new round of applications was required. Between July and October of 2007, over
2.7 million notices and applications were mailed to basic STAR recipients, 79 percent of whom
then filed applications online or by mail (NYSDTF 2007). Reminders were also sent to 600,000 
homeowners. The final participation rate was close to 90 percent (Spitzer 2008). Information 
about the rebate did not appear on property tax bills in any of the affected years. Moreover, the
rebate was not listed on the TAR, although some jurisdictions apparently included the rebate in 
the listed STAR exemption. Figure 2 shows an example of a jurisdiction with the basic STAR
exemption in 2006 and a much larger exemption in 2008, when the rebates were in place.11 
The application procedure was simple. “To receive a rebate check, homeowners only
have to verify the property information provided on the application, enter the names, social
security numbers, and all required information for all resident property owners and their spouses, 
verify the mailing address, and submit the application” (NYSDTF 2007). Even though income
information was used in determining the rebate, income did not have to be included on the
application, because the taxpayer’s SSN allowed state officials to match the taxpayer with an
income tax form. With this procedure, homeowners did not need to reapply for their 2008 rebate.
In addition to its coordinated mailings and press releases around the state, NYSDTF also 
set up a web site, which had 4 million hits that year, and three-quarters of the applications were 
submitted online (Spitzer 2008, 208). As a result of these efforts, about 2.3 million rebate checks
 
 
     
      
  
   
   
    
 
 
  
     
   
  
   
 
 
 
 
  
  
7
were mailed to non-senior homeowners for 2007-08 (NYSDTF 2008a). By Dec 5, 2008, 2.9 
million 2008-09 rebate checks were sent to all eligible taxpayers (NYSDTF 2008b).
In summary, the STAR rebate program was not in place for the school budget votes in 
May 2006, although it may have been anticipated. The 2006-07 rebates went to all taxpayers
with a STAR exemption, without the need for an application. Rebates were in place for the
budget votes in May 2007, but taxpayers had not yet filled out the new, required application for 
the 2007-08 income-based rebate. They therefore knew about the rebate, but perhaps were not
aware that it would be continued. Rebates were also in place for the budget votes in May 2008. 
By this time voters had received the rebates for two years and filled out an application. No 
additional application was needed to receive these rebates in the fall of 2008. The rebates were 
repealed before the school budget votes in May 2009 (Office of Tax Policy Analysis 2009).
Salience and Framing 
Concepts and Existing Evidence 
The literature on behavioral economics provides two helpful concepts to explain why
behavioral responses to STAR may depend on the way STAR is administered: salience and
framing. First, a salient policy is one that is visible. Standard economic analyses generally
assume that consumers or taxpayers have perfect information and that they pay attention to, and 
take into account, taxes and other related parameters of a product, be they salient or not. Several
studies on behavioral public finance have found evidence, however, that people are inattentive to
a tax policy that is not salient and thus do not respond to it (Congdon, Kling, and Mullainathan 
2009; Krishna and Slemrod 2003; McCaffery and Slemrod 2006). A corollary is that a more
salient policy will lead to a larger behavioral response than a similar policy that is less salient. 
The impact of salience on taxpayer behavior can be thought of as a form of fiscal illusion 
 
 
  
   
   
  
    
 
  
     
  
   
 
  
  
   
  
    
  
   
   
  
   
  
8
(Oates 1985). In early studies of the topic, tax salience may come under different names, 
including the isolation effect (McCaffery and Baron 2006), shrouded attributes (Brown, Hossain, 
and Morgan 2010), or partitioned pricing (Morwitz et al. 2013). The CLK study used the term
“salience,” and provided new ways to test for the impact of salience on taxpayer behavior. This
study finds that the demand for consumption goods declines when pre-tax price tags are replaced
with tax-inclusive price tags. This study also finds that excise tax increases lead to a larger
decline in alcohol purchases when they are included in posted prices instead of being added at
the register. In short, making taxes more salient boosts their impact on consumer behavior. 
CLK’s results are confirmed in a study by Feldman and Ruffle (2015). The experiments
in this study find that subjects spend significantly more on tax-exclusive (less salient) products
than tax-inclusive ones. A paper by Finkelstein (2009) examined road tolls paid electronically
(ETC) and tolls paid in cash. Finkelstein finds that drivers are so unaware of low-salience ETC
tolls that these tolls have been raised (with relatively low political costs) 20 to 40 percent higher
than high-salience tolls paid in cash. The tax salience effect may vary with consumer income. 
Goldin and Homonoff (2013) find that low-income consumers are more attentive to register
(low-salience) cigarette taxes than high-income consumers. A few other studies investigate the
salience of labor taxes (Hayashi, Nakamura, and Gamage 2013; Iturbe-Ormaetxe 2015) or
gasoline taxes (Li, Linn, and Muehlegger 2014; Rivers and Schaufele 2015).
The state-funded property tax exemptions and rebates in STAR are examples of tax
expenditures. Several studies have asked how the salience of a tax expenditure affects taxpayer
behavior. Sahm, Shapiro, and Slemrod (2012) estimate the spending differences from the federal
2009 Making Work Pay Tax Credit delivered by a one-time payment or a flow of payments from
reduced withholding. They find that the low-salience reduction in withholding increases
 
 
   
   
   
  
   
   
  
  
  
  
  
    
 
  
  
   
  
 
  
   
  
  
9
spending at approximately half the rate as the high-salience one-time payments. Gallagher and 
Muehlegger (2011) find that sales tax waivers are associated with substantially higher hybrid car
sales than are income tax credits—a sign of lower salience for income tax credits than for other
tax designs. Two studies on the Earned Income Tax Credit (EITC), Chetty, Friedman, and Saez
(2013) and Chetty and Saez (2013), find that providing individuals with information about the
EITC schedule significantly affects their work effort and earnings.
Two studies investigate the salience of property taxes. Cabral and Hoxby (2012) measure 
the salience of the property tax by the shares of mortgage holders or home owners with property
tax escrows. They find that property tax rates are higher and property tax revolts are less likely to
occur in areas in which the property tax is less salient, i.e., paid via tax escrow. Hayashi (2014)
also uses mortgage escrow as a measure of property tax salience. He finds that a taxpayer with
escrowed property taxes is significantly less likely to appeal her property assessment.
A second key concept is framing. The literature defines several different types of
framing. The type of interest here builds on the notion of mental accounting, which, as defined
by Thaler (1999), is a cognitive process that households use to organize, evaluate, and keep track
of income and spending. Mental accounting is said to exist when dollars in different mental
accounts are not perfect substitutes—in violation of the fungibility principle.
We are concerned with the case in which households divide their income into separate 
mental accounts or budgets for different expenditure household items, such as food, 
transportation, and education. This mental accounting affects marginal propensities to consume
expenditure items. Money allocated mentally to a category is likely to be spent within that 
category (Antonides, de Groot, and van Raaij 2011; Milkman and Beshears 2009). For instance, 
households spend more income intended for education on education (Davies, Easaw, and
 
 
  
  
     
  
      
    
  
 
   
  
   
   
    
 
   
  
   
   
     
        
      
     
10
Ghoshray 2009). Studies have found empirical evidence of this type of fungibility violation in 
governmental and intergovernmental transfers to households. Kooreman (2000) finds that the
marginal propensity to spend on child clothing is larger out of child allowance payments than out
of other income sources. Income with no labeling or framing, such as a windfall, has no mental
account and thus can be spent on any item (Chatterjee et al. 2014). Beatty et al. (2014) find that
the average household spends 47 percent of a government transfer on fuel when the transfer is
labeled as the UK Winter Fuel Payment but only 3 percent when it is just labeled cash.
The phenomenon in which income allocated to one of a household’s specific mental
accounts sticks in that account is also known as the intra-household flypaper effect (Choi, 
Laibson, and Madrian 2009; Jacoby 2002). Mental accounting of this type can also help explain 
the empirical phenomenon of the flypaper effect of intergovernmental aid on community-level
demand for local public services (Heyndels and Van Driessche 1998, Hines and Thaler 1995). 
Hastings and Shapiro (2013) study a lack of fungibility when a price change applies to all
grades of gasoline. In their model, an increase in gasoline prices leads to substitution toward 
lower gasoline grades. Their analysis reveals that an increase in the price of gasoline increases
the propensity to buy regular gasoline more than an equivalent loss in household income. This
analysis shows how mental accounting may boost the income effect of a price change, which is a 
type of flypaper effect (although they do not use this term).  This possibility arises with any price
change. The elasticity form of the Slutsky equation for, say, school quality, S, can be written µ = 
µC – [(1 + f )(BS)θ] where µ is the price elasticity of demand for S, µC is the compensated price 
elasticity of demand for S (also called the substitution elasticity), f is the flypaper effect, BS is the
budget share of S, and θ is the income elasticity of demand for S. In standard applications, f is 
assumed to equal zero. Hastings and Shapiro show, however, that mental accounting may lead to 
 
 
    
    
     
   
   
   
    
     
  
 
    
    
     
  
   
  
    
    
   
  
   
 
  
11
a positive value of f. The circumstances studied in this paper provide a unique opportunity to
estimate flypaper effects that arise both from the price effects of property tax relief, called “price 
flypaper effects” or f P, and from intergovernmental aid, called “aid flypaper effects” or f A. The 
Hastings and Shapiro model involves substitution across gasoline grades, not between gasoline
and other commodities, so µC in the Slutsky equation is not relevant. In other cases, mental
accounting might alter µC. The analysis presented below explores the impact of STAR’s
administrative mechanisms on both the substitution elasticity and the two flypaper effects. 
Two other forms of framing are not relevant here. First, households may frame a series of
small boosts to income in a “current assets” account, whereas a one-time boost to income with
the same present value is placed in a “current wealth” account—with a higher propensity to 
consume out of the former (Thaler 1999).12 In our case, however, both the tax exemption and the
rebate are one-time payments. Second, several studies find that people tend to spend more out of
income framed as a gain or bonus than out of income framed as a loss reduction (Epley and 
Gneezy 2007; Epley, Mak, and Idson 2006; Lozza, Carrera, and Bosio 2010). In an experiment
reported in Epley, Mak, and Idson (2006), participants were asked to recall how much they spent
or saved out of their rebate from the 2001 Tax Relief Act. The rebate was described to them
either as “withheld income” (a loss reduction) or as “bonus income” (a financial gain). 
Participants hearing the former description spent less and saved more of the income than those
hearing the latter. This behavior is consistent with Kahneman and Tversky’s (1979) prospect
theory, which predicts that a returned loss is perceived as more valuable than an incremental
gain. Households may frame STAR exemptions as a loss reduction and STAR rebates as a 
bonus, but we do not observe household savings, so we cannot determine whether these two 
administrative forms lead to different savings behavior. Moreover, the theory does not indicate
 
 
    
     
    
 
    
 
  
    
  
 
 
    
        
 
   
   
  
  
 
   
    
12
whether exemptions and rebates lead to different types of spending (e.g., public versus private 
goods), and bringing in types of spending would simply shift the analysis back to framing.
In short, we focus on the “spending accounts” version of framing. This type of framing
arises in our case if households’ mental accounting leads to a larger increase in the demand for
local education when they receive a STAR tax exemption, which appears on their school
property tax bills, than when they receive a STAR tax rebate, which arrives as a check in the 
mail with no clear link to or label of education. We also explore the extent to which this
difference in behavioral responses reflects either a flypaper effect or a change in the substitution 
between education and other spending categories.
Salience and Framing in Relation to STAR 
Several studies have investigated the impact of price signals associated with property tax
relief on the demand for local public services (Addonizio 1991; Eom et al. 2014; Rockoff 2010). 
These studies model the tax price of local services and the impact of property tax relief on this
price. Bradford and Oates (1971) and Oates (1972) also point out that the value of state aid to a
voter, and the stimulative impact of that aid, depends on how much it saves the voter—savings 
that are determined by the voter’s tax price. Our analysis of STAR builds on these two concepts.
Tax Price. In a simple model, a household’s budget constraint sets income, Y, equal to 
spending on a composite consumption good with a unitary price, Z; housing, H, with price P; and 
property taxes, T, which equal the effective property tax rate, t, multiplied by house value V = 
PH/r, where r is a discount rate. The school district budget constraint sets spending per pupil, E, 
equal to t multiplied by property value per pupil, V , plus state aid per pupil, A. Solving the
community constraint for t and substituting the result into the household constraint yields:
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E A   V   −    VZ PH + V or Y + A Z PH + E .Y = +       = +     (1)V V V        
The tax price is the derivative of T with respect to E; that is, it equals what a homeowner has to 
pay for another dollar of spending per pupil. Thus, in equation (1), the tax-price is ( /  ) .V V 
Eom et al. (2014) point out that spending per pupil, E, equals cost per pupil, C, which is a
function of school-district quality (S), divided by an efficiency index, e, where e = 1 corresponds
to the efficiency using current best practices. Any spending not devoted to S, including spending
on school-district outputs other than S, is considered to be inefficient. This addition leads to
 V V  C S{ }  Y + A Z PH + .  = +       (2)V e V       
Now the tax-price applies to an increment in S and it is affected by efficiency:
(Cost to Homeowner) dC  1 V 1    d      − VTP ≡ MC S =       = ( { })(e )   , (3)dS dS e V V         
V V 
one component of the tax price, TP. Our methods for measuring S, MC, and e are presented later.
The STAR program provides a property tax exemption of $X, where X varies across time
and school districts. A homeowner’s property tax payment is now t(V – X) instead of just tV. As
explained by Rockoff (2010) and Eom et al. (2014), STAR works like a matching grant with a
matching rate of X/V, so (1 – X/V) is the voter’s STAR tax share. The STAR rebate program was
in place for the school years 2006-07 to 2008-09 (henceforth 2007 to 2009). The rebates boosted 
the value of X by 𝜏𝜏 percent, where 𝜏𝜏 equals 30 percent in 2007 but depends on taxpayer income
in the other two years.13 The matching rate is (X/V + 𝜏𝜏X/V) for these three years. Because NYS
reimburses a district for the revenue it loses through STAR exemptions and funds rebates to 
where MC is the marginal cost of S. Following standard usage, ( /  ) is the tax share, which is
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taxpayers, these provisions have no impact on the district budget constraint. However, STAR
exemptions and rebates add a new term, (-t(X + 𝜏𝜏DX)), to household spending, where D = 1 in 
three rebate years and D = 0 in other years. The household budget constraint equation becomes
C S V   X τ DX V   X τ DX   { }    Y A  1− − = Z + 1+            − −  . (4)
 V   V V   e   V   V V  
Thus, the final form of the tax price is
d (Cost to Homeowner)  V   X τ DX −TP ≡ = (MC S { })(e 1 )    1− −  . (5)dS  V   V V  
Although the four components of tax price in (5) are algebraically equivalent, voters may
respond to each of them differently because of their different levels of salience and framing.
Moreover, the last component has one part (X/V) delivered in the form of a property tax
exemption and the other (𝜏𝜏DX/V) delivered in the form of a rebate check. We therefore estimate
separate price elasticities for the tax share, marginal cost, efficiency, and STAR components of
tax price, and we determine whether the STAR elasticity is different when the rebate is in place. 
Salience and framing have distinct implications for the impact of each tax-price 
component on the demand for school quality. The first component, the standard tax share, 
appears, based on previous studies, to be reasonably salient despite its abstract nature. It is also
framed as a component of property taxes and hence of the school budget, which implies a lower
demand for school quality given a higher tax share—a prediction supported by many studies.
The marginal-cost and efficiency components of the tax price are more abstract and hence less
salient than the standard tax share, which leads to the prediction, based on salience, that they will
have a lower price elasticity (in absolute value). In contrast, these two components are clearly
linked to education spending. The marginal cost component reflects the extent to which harsh 
cost conditions push up the incremental cost of public services, and the efficiency component
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indicates the extent to which an additional dollar of school spending is devoted to school outputs
other than the index on which we focus, S. The links between these two components and demand 
appear to be at least as strong as the tax share-demand link. Indeed, the efficiency link is
particularly strong because it reflects voters’ choices about other outputs. Thus, the framing
hypothesis predicts that the price elasticities for these two components will be at least as large (in
absolute value) as the elasticity for the standard tax share.
The next tax-price component arises from the basic STAR exemptions, which affect the 
median homeowner. These exemptions were put in place a year after the enhanced exemptions
had already been publicized and implemented, and all homeowners received information about
their new exemptions before their budget votes. Participation was quite high from the beginning. 
Moreover, the phase-in led to large new tax savings each year for the first three years. Additional
tax savings were modest after 2002. These factors indicate a high salience for the STAR
exemption, especially during the phase-in period. The median voter might also do mental
accounting through framing when STAR exemptions and tax savings appear directly on property
tax bills and hence are clearly linked to school spending. Tax savings from STAR exemptions
are framed as income for education and allocated mentally to a voter’s education account. The
mental accounting theory discussed earlier suggests that the income in the education account is
more likely to be spent on education than is other income, including the STAR rebates.
Our earlier analysis reveals several important differences between the STAR exemptions
and rebates. First, the STAR rebates had not been approved before the 2007 school district 
budget votes took place in May 2006. Thus, the rebates were not salient to voters, except perhaps
for a few who anticipated their passage in June. Homeowners automatically received a STAR
rebate check in the fall of 2006, however, so that they were aware of the program for the budget
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votes in May 2007. For 2008 and 2009, therefore, lack of salience was not an issue in the impact 
of the rebates on the budget votes. In terms of framing, however, the rebates are different from
the exemptions. The STAR exemptions appear on property tax bills, whereas the rebate checks
arrive in the mail with a letter indicating that they were authorized by the governor and with no 
obvious link to school finance. This procedure provides no narrow framing for the rebates. The 
rebate income with no labeling can be treated as a windfall with no mental account to restrict 
spending. In short, the rebate is likely to be spent mostly on other things than education due to its
lack of education labeling/framing. Thus, the rebate-linked price elasticity of school demand 
should be small in the first year of the rebate due to its low salience and broad framing terms. For 
the second and third rebate years, rebates are salient, which indicates a large elasticity, but have 
broad framing, which indicates a small elasticity. If the framing effect is stronger, the education
demand elasticity associated with the rebate portion of the STAR tax share will be smaller than
the one associated with the tax exemption portion—even after STAR’s phase-in period.
Value of State Aid. The second concept that allows us to investigate salience and framing
is “augmented income,” ϒ, which is the left side of equation (4). It consists of income plus state
aid multiplied by tax share. As first shown by Bradford and Oates (1971) and Oates (1972), state
aid adjusted in this manner is, in principle, equivalent to voter income, because a voter’s
potential property tax savings from $1 of aid equals the voter’s tax share. 
Most of the empirical literature on state aid does not directly test the Bradford/Oates
(B/O) theorem, but instead asks whether one dollar of state aid unadjusted for tax price has the 
same impact on spending as one dollar of income. A larger impact for aid is called the “flypaper
effect.” Although a few articles find no flypaper effect (e.g., Becker 1996), a majority of studies
provide strong empirical evidence for its presence (e.g., Brooks and Phillips 2010; Knight
 
 
   
    
    
  
         
  
         
   
    
  
  
   
   
 
  
        
 
       
        
 
  
17
2002).14 A few other studies (Eom et al. 2014; Duncombe and Yinger 2011; and Nguyen-Hoang 
and Yinger 2014) use a specification consistent with the B/O theorem and find that state aid
adjusted for tax share has a much larger impact on the demand for public services than the
equivalent income. Equation (4) shows that state aid (A) is adjusted by the two components of
tax price, namely, ( / /V V ) and (1 – X/V – 𝜏𝜏DX/V). The average value of V V in our sample is
0.399; the average value of the tax-share with the fully phased-in STAR exemptions but no 
rebates (D = 0) is (0.399)(0.734) = 0.293; and the average value in the first rebate year is
(0.399)(0.664) = 0.265. If one uses a specification without the tax-share adjustment, then the
estimated flypaper effect will incorporate the average tax share, resulting in a downward bias. 
As indicated earlier, framing provides one plausible explanation for the flypaper effect.  
Money that flows directly into a school district’s budget has a larger impact on education 
demand than income flowing into a household’s budget. In addition, salience can help to explain 
why the estimated flypaper effect may not be the same under all circumstances. Our estimated
flypaper effects include the B/O adjustment for tax share, and the STAR component of tax share 
are likely to be most salient during the STAR phase-in period. Higher salience leads to greater
voter awareness that the value of aid depends on tax share. As a result, we expect that the 
estimated flypaper effect will be smaller in years with higher salience for the STAR
exemptions—and hence for the impact of STAR on tax-shares. To account for this possibility, 
we add a new term, (1+ f A), to equation (4) in front of the term containing state aid, A, when we
incorporate ϒ into a demand function.15 Then we estimate whether the value of f A is smaller
when the STAR exemptions are more salient. In addition, the framing of the rebates as unlabeled
income may lead voters to miss the impact of the rebates on tax shares—and hence to miss the 
impact of rebates on the value of aid. We also test for this possibility.
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Finally, recall from Hastings and Shapiro (2013) that the income effect of a price change, 
or f P, may differ from the impact of income itself. In the Hastings and Shapiro case, this
difference is linked to mental accounting or framing, because the comparison is between a drop
in the price of gasoline and an increase in income. We apply this idea to two different price 
comparisons. First, we expect that f P will be larger in the case of the price change associated
with the STAR exemptions, which are a highly salient change in the price of education, than with
those linked to the standard tax share, which is much less visible. Second, we expect that f P will 
be smaller for price changes linked to the STAR rebates than to those linked to the STAR
exemptions because only the latter is framed as a change in the education budget.
Hypotheses.More formally, this analysis leads us to six key hypotheses about the impact
of salience and framing on the behavioral responses to STAR, each of which is tested below.
1. The price elasticity, µ, associated with the exemption-based STAR tax share will be larger in 
absolute value than the µ associated with the standard tax share. The STAR tax share is more 
salient and should therefore elicit a larger response.
2. The |µ| for the exemption-based STAR tax share will be largest when basic STAR was being 
phased in. The program itself was salient from the beginning, thanks to the earlier roll-out of 
enhanced STAR and the extensive publicity efforts by school districts and other governments. 
Moreover, voters are more likely to have been aware of the large tax savings during the phase-in 
period compared to the small changes in tax savings in later years.
3. Rebates will not affect the perceived STAR tax share and a no-rebate specification will yield a
µ in rebate years that is about the same as in the non-rebate years after the STAR phase-in.
Hypothesis 3A is that this effect is caused by low salience, which implies that this prediction will 
be upheld in 2007, when rebates were not enacted in time for the 2007 budget votes, but not in 
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2008 and 2009, when rebates were well publicized before the budget votes. Hypothesis 3B is that 
this prediction will hold in all three rebate years because rebates are framed as unlabeled income.
4. The STAR-adjusted f A will be larger than the f A adjusted for just the standard tax share. This
hypothesis, like the first, reflects the relatively high salience of STAR.
5. The STAR-adjusted f A will be smallest in the early STAR years. The STAR tax-share term
lowers the value of $1 of aid to a voter, and the impact of this term on the flypaper effect will be
largest when the STAR tax share is most salient, i.e., during the phase-in period. 
6. Rebates will not affect the perceived STAR-adjusted augmented income and in a no-rebate 
specification, an f A in rebate years will be about the same as in the non-rebate years after the 
phase-in. Following Hypothesis 3, Hypothesis 6A is that this effect is caused by low salience,
which implies that this prediction will be upheld only in 2007; Hypothesis 6B is that the framing
of rebates as unlabeled income implies that the predicted effect will hold in all three rebate years.
Modelling STAR’s Behavioral Impacts 
The Demand Function 
Voter demand depends on augmented income and tax price. As discussed above, these
concepts come from the household budget constraint and are therefore applicable for any utility
function. Our strategy, which draws on Eom et al. (2014), is not to specify a utility function and 
then to derive a demand function from it, but is instead to specify and estimate a constant-
elasticity demand function for S, which is linear in logs.16 This equation can be written:
ln{ } = K +θ ln{ } µ ln{ } (6)S ϒ +  TP +ε , 
where K indicates the role of demand variables other than ϒ and TP; θ and μ are the income and
price elasticities of demand for S, respectively; and ε is a random error. We interpret this
equation as a model of community choice; in the spirit of a median voter model, we use median 
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values, such as the median tax share, whenever possible.17 
As discussed earlier, we estimate separate elasticities for each of the four components of
TP. In order to estimate the flypaper effect for aid, f A, we re-write the expression for ϒ and then 
use the standard approximation that ln{1 + d} ≈ d when d is a fraction close to zero. Because A is 
small relative to Y, we replace the θ ln{ϒ} term in (6) with
 A  V X τDX    A  V A  X τDX     ln Y (1 f A 1−  −   =θ ln Y 1+ + f )     θ  + +  )   (1 1− −   
  V  V V   V Y  V    V  (7)
A  V   X τDX   A  ≈θ ln{ } Y + +(1 f )θ   1− −   .V Y V V     
Substituting (5) and (7) into (6) yields
 V A X τDX  VA          S = +  Y (1      1ln{ } K θ ln{ } + + f )θ 1− −  + µ ln    
  V  Y  V V     V (8)
 X τDX µ2 ln{ MC}− µ3 ln{ } + µ  − −  +ε .+ e 4 ln 1 
 V V  
Note that f A is identified by the ratio of the second coefficient to the first minus one.
The key objective of this paper is to see whether voters’ responses to the STAR price 
incentives and the STAR-adjusted flypaper effects for aid depend on the administrative
mechanism through which the STAR tax relief is delivered. Responses to STAR incentives may
also differ during the phase-in period. We ultimately want to determine whether variation in 
behavioral responses, if any, are consistent with salience or framing. We therefore focus on the
two key terms that contain STAR exemptions (X) and rebates ( τ X ) are ln 1 X V −τDX V } { −   
 ) and (V V )( A Y (1− X V −τDX V )  abbreviated as T and A , respectively. We interact  T
and A with a series of school-year dummies, D0-D7:
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 ln{ } K θ ln{ } + 
7 
(1 + f A ) D A  + µ ln V + µ ln{ MC}− µ ln{ } 
7 
S = +  Y θ e + µ DT +ε , (9)∑ i ( i ) 1   2 3 ∑ i4 ( ) i 
i=0 V i=1   
where D0=1 for 1999 [i.e. 1998-99]; D1=1 for 2000; D2=1 for 2001; D3=1 for 2002; D4=1 for 
2003-2006 or 2010-2011; D5=1 for 2007; D6=1 for 2008, and D7=1 for 2009. These dummies are
coded based on when and how STAR exemptions and rebates were introduced; basic STAR was
phased in between 2000 and 2002 and rebates were in place in 2007 to 2009.
Equation (9) allows us to test the above six hypotheses regarding different STAR price 
elasticities and flypaper effects, depending on how STAR exemptions and rebates are salient, or
framed to households. In equation (9), the MC and e terms also need to be specified. Following
σ  α λ  C S  κ 
is a constant, W is teachers’ salaries, and N is student characteristics. This equation implies that
Eom et al. (2014), we start with a multiplicative cost function for S: { }= S W  N , where κ
{ } σ 1 α λ  MC ≡ ∂C S = κσ S −W N . (10)
∂S 
Moreover, efficiency, e, is specified as a function of income and tax price, because it reflects
demand (=spending) decisions for school outputs other than S. In symbols:
δ 
ρ γ  δ  ρ γ   V  X τDX  e = kM ϒ TP = kM ϒ MC 1− −  , ( )  (11)V V V     
where γ and δ are income and price elasticities of efficiency, and augmented income (ϒ ) is 
given by equations (7). By definition, E = C{S}/e. Substituting equations (10), (11), and for
C{S} into this expenditure equation, taking logs of it, and interacting A and T with the earlier
defined set of year dummies yield the estimated equation for district expenditures per pupil, E:
E = k ( ( )) ln{ } +α 1−δ ln{ }+ λ ( ) N − ρ ln{ Mln{ } * σ δ σ  −1 S ( ) W 1−δ ln{ } }+ −  
7 7 (12) A 
 V − ln{ } − (1 + f )γ (D A ) −δ ln − δγ Y ( ) DT +ε ,∑ ei  i  i  0   ∑ i i 
i V=0   i=1 
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where k* is the combined constant term, and feiA is the for aid flypaper effect in the efficiency
function. Once the expenditure equation is estimated, we calculate cost and efficiency indexes
from exogenous components (excluding S) via the following equations:
* * α λMC = κ W N (13)
δ 
V  X τDX * ** ρ  γ     * e = k M ϒ (MC ) 1− −  , (14)    
 V  V V  
where κ * is scaled so that MC* equals 1.0 for the average district, and k** is scaled so that e* 
equals to 1.0 for the most efficient district. This scaling has no impact on any other estimated
coefficient. To obtain our demand equation, we substitute (13) and (14) into (9), and solve for S:
7 V 7 * * * 
 *    * * * * * S = K +θ ln{ } + (1 + f ) (D A ) + µ ln + µ2 ln MC − µ ln{ } + µ4 DT )ln{ } Y ∑ i θi i 1   { } 3 e ∑ i ( i +ε , (15)
i V=0    i=1 
where the asterisks indicate that the coefficients reflect parameters of the cost and efficiency
equations (5) and (13), as indicated in equation (14) of Eom et al. (2014).
A major methodological challenge is the potential endogeneity of A and T . Changes in 
student performance, S, induced by STAR or rebates may be capitalized into property values, 
thereby exerting a reverse impact on V and 𝑉𝑉�– components in A and T . As in Eom et al. 
(2014), we instrument A and T and use predicted V and 𝑉𝑉� as instrumental variables (IVs). 
These predicted values are property values in 1999 adjusted by the Case-Shiller home price 
indexes for NYS published by the Federal Reserve Bank of St. Louis. When constructed this
way, the IVs removes the impact of STAR and rebates while capturing growth in V and 𝑉𝑉� . We 
treat A and T as endogenous in both expenditure and demand estimations with these IVs.18 
Our expenditure and demand models are estimated with school-district and year fixed
effects. Although STAR was introduced to all the districts in the same year, there was still yearly
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across-district variation (as the result of the SPDF and 𝜏𝜏) in STAR savings and thus in rebates
that is not captured by year fixed effects. We believe that the results estimated with these fixed
effects, IVs, and key time-varying control variables are subject to minimal, if any, bias.
Data and Measures 
Our data describe school districts in NYS for the academic years 1998-99 to 2010-11. 
This sample, which is also used by Eom et al. (2014), begins a year before STAR was
implemented.19 We exclude NYC; some NYC data are missing and most of the STAR benefit to
NYC comes in the form of an income tax rebate. After dropping non-K12 districts and a few
district-years with missing data, we obtain a sample of 8,038 observations with 607-627 districts, 
depending on the year.20 Table 1 provides the summary statistics of the variables for estimations.
Our expenditure measure is operating expenditure, which is defined as total expenditure 
less debt service and transportation.21 Our student performance measure is an equally weighted
index of the average share of students reaching the state’s proficiency standard on math and 
English exams in 4th and 8th grades, the share of students receiving a Regents Diploma by
passing at least 5 Regents exams, and the share of students not dropping out of high school
(=100 – dropout rate).22 This index captures a range of student performance measures that are 
also used in previous studies and in the NYS accountability system.23 A teacher salary variable 
should measure a district’s generosity, not the qualifications of its teachers. Thus we use the 
average salary a district pays for teachers with up to five years of experience, controlling for the
experience and education of the district’s teachers. 
Results 
Price Elasticities 
Tables 2 (coefficients) and 3 (structural parameters) present the results of our demand 
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estimations, which are designed to test our hypotheses about the impacts of STAR exemptions
and rebates. Model 1 omits the STAR rebates from the STAR tax-share expressions. This
specification is correct under the assumption that voters do not place rebates in their mental
accounts for education spending. Model 2 includes the rebates in the STAR tax-share 
expressions in 2007 to 2009. This specification is correct under the assumption that voters are
fully aware of the impact of rebates on their education tax share.
To help interpret the price elasticity results, note that ln{1 – (X/V)} ≈ –(X/V) and 
ln {1  − X V  −τDX  V  } = ln {1 − ( X V  )(1 +τ )} ≈ −(X V  )(1 +τ ) . Moreover, if a variable is re-
scaled, i.e., multiplied by a constant, then its estimated coefficient is re-scaled, too, i.e. divided 
by the same constant. If voters respond to the rebates the same way they respond to the
exemptions, then a specification that includes the rebates will yield the same µ in the rebate years
as in the non-rebate years. If the true variable is –(X/V)(1 + τ), but the specification is –(X/V) as
in Model 1, which is the true variable divided by (1 + τ), then the estimated coefficient will equal 
the baseline elasticity multiplied by (1 + τ). Similarly, if the true variable is –(X/V) but the
specification is –(X/V)(1 + τ), which is the specification in Model 2, then the estimated
coefficient will be the baseline divided by (1 + τ).24 
Results for Models 1 and 2 both indicate that the with-rebates specification can be 
rejected in favor of the one without rebates. The null hypothesis for Model 1, which is based on 
the assumption that the without-rebates specification is correct, is that the estimated µ in the
rebate years equals –0.72, which is the value in the non-rebate years after the phase-in (Table 3).
The alternative hypothesis is that |µ| = (0.72)(1 + τ). In every rebate year, the estimated |µ| is
significantly smaller than 0.72, which allows us to reject the alternative hypothesis. The null
hypothesis for Model 2 is that the with-rebates specification is correct, which implies that the
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estimated |µ| in the rebate years will be 0.64, which is the Model 2 value in the surrounding non-
rebate years. The alternative hypothesis is that the without-rebates specification is correct, which 
implies that the estimated |µ| will equal (0.64)/(1 + τ). In every rebate year, we can reject the null
hypothesis, because, as the alternative hypothesis implies, |µ| is significantly less than 0.64.
These results provides strong confirmation of the view that the administrative mechanism 
through which a tax break is delivered can have a significant impact on the behavioral response
to that tax break. More specifically, these results support Hypothesis 3B, which is based on 
framing, not 3A, which is based on salience. Households appear to place the STAR rebates in a 
mental account for all spending, with no recognition that these rebates alter the price of
education, whereas they place the STAR exemptions in a school spending mental account, where
the price effects are recognized. These tests support the without-rebates specification but also 
lead to a puzzle. In Model 1 we can reject the hypothesis that leaving out rebates biases |µ| 
upwards, but in 2007 and 2008 we can also reject the hypothesis that µ equals the baseline µ; 
voter responsiveness to the STAR exemption-based tax shares is lower in the first two rebate 
years than in the nearby non-rebate years. This result is consistent with the possibility that the 
framing of the rebates spills over into voters’ perceptions about STAR generally and hence
lowers their responsiveness to tax shares based on STAR exemptions. This spill-over effect
disappears after two years of experience with the rebate program.
Table 3 also provides results on several other price elasticities. For Model 1, the preferred
specification, the µ associated with the standard tax share, 𝜇𝜇1, is –0.17 and is significant. This
result is comparable to the µ in previous studies. It is almost identical to the (significant)
elasticity for the marginal-cost component of tax price, µ9, which is –0.20. In contrast, |µ8| for 
efficiency is much larger, 4.40. These results are consistent with the framing hypothesis. 
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The price elasticities for the STAR tax share, 𝜇𝜇2 to 𝜇𝜇8, indicate a large, significant impact 
of STAR on the demand for student performance, particularly when it was first introduced. More 
specifically, the (significant) estimated µs are –3.03, –1.55, and –0.89 during STAR’s three 
phase-in years, and –0.72 during the years with the full STAR exemptions but without
rebates, 𝜇𝜇5. The decline in µ over time supports Hypothesis 2. The larger |µ| for the exemption-
based STAR tax price than for the standard tax price supports Hypothesis 1; the STAR tax share 
appears to be more salient than (V V ) , which is not directly observed.  
The Slutsky equation with a flypaper effect is µ = µC – [(1 + f P)(BS)θ]. We estimate µ and 
θ, and we calculate BS as the property tax payment with the median house value divided by
median household income. Thus, we can use this formula to find that µ for the standard tax share 
could reflect a substitution elasticity, µC, as large as –0.16, assuming there is no flypaper effect
(i.e., f P = 0), or a flypaper effect as large as 26.4 (assuming no substitution). The derivative of
the Slutsky equation implies that the difference between µ5 and µ1 can be explained by an 
increase in |µC| of 0.55, an increase in f P of 88.6, or some combination of smaller changes in 
each parameter. Moreover, the finding that voters do not respond to the price incentives
associated with the STAR rebates indicates that the f P associated with the rebates is zero.25 
The work of Cabral and Hoxby (2012) and Hyashi (2014) suggests that homeowners who 
pay property taxes via an escrow account are less aware of the accuracy of their assessed values
or of the incentives created by their local tax system. We obtained data on the share of
homeowners who file for a formal judicial assessment review, R, called a review for short, in 
either small claims court or the NYS Supreme Court. We expect that the higher this share, the 
more aware voters are about the features of the property tax system. After all, people cannot file 
a grievance with their assessor unless they have first looked at the TAR, which includes
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information on STAR, and they cannot file for a judicial review unless they have first appealed
to their assessor. We also obtained data for one year on the use of escrow accounts. 26 In contrast
to the results of Hyashi, the correlation between this variable and R is large and positive (0.5).
Table 4 presents results from a regression that adds interactions with R to Model 1 in 
Table 2. The review variable is defined as a deviation from the state-wide average, so that the
other coefficients can be interpreted as effects at the average value of R. Adding these
interactions has little impact on the other coefficients in the regression (or on the hypothesis 
tests), but they indicate that the more reviews, the stronger the behavioral response to the STAR
tax share. This effect is particularly large in 2000, when basic STAR was at its most salience.
The interaction between the STAR tax share and R is not significant in 2007, when rebates were 
not in place at appeals time, but these interactions are significant in 2008 and 2009. 
Flypaper Effects for State Aid 
In Table 2, Model 1, the income elasticity of demand for S, θ, equals 0.23 and is
significant. This θ is in the range of previous studies. The aid flypaper effects, f A, are the 
coefficients of the A variables divided by the coefficient of income minus one. A larger f A 
indicates a less salient local tax share, that is, a less salient discount in the value of $1 of aid. The 
pre-STAR f A is 34.9 (Table 3), which is higher than the estimates in the previous literature
except for Eom et al. (2014), but lower than the STAR f A in any year, as in Hypothesis 4.27 In
addition, f A increases from 35.8 to 56.2 over the STAR years, which supports Hypothesis 5. 
The estimates of f A in the first two rebate years, 57.2 and 52.1, are not significantly
different from the values in the nearby, non-rebate years, 56.2 (= f5). Because rebates are 
excluded from the specification, we cannot reject the null hypothesis that the rebates have no
impact on voter’s perceptions of the value of state aid, a result that is consistent with Hypothesis
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6. The estimate of f A in the last rebate year, 42.8, is significantly lower than f5. This result is not
predicted by either salience or framing. Instead, we believe it reflects political and economic 
uncertainty in the spring of 2008, which led voters to expect aid cuts in the future and dampened
their responses to aid in the May 2008 budget votes.28 
These estimates of f A are larger than the maximum pre-STAR f P, 26.4, calculated above.
However, these estimates of f A are considerably smaller than the maximum possible values of f P
with STAR. As shown above for the post-phase-in years, this maximum is 26.4 (the pre-STAR
fP) plus 88.6 (the change in f P when STAR exemptions are added), which equals 115.0—a 
number larger than the highest with-STAR f A. A more reasonable possibility is that two-thirds of 
the estimated change in |µ| reflects an increase in |µC|. In this case, the STAR-induced change in
the flypaper effect would be 29.6, for a total f P as high as 26.4 + 29.6 = 56, which is roughly
equal to f A in the post-phase-in, non-rebate years.
Turning back to Table 4, we find that the interactions between the STAR-adjusted aid 
variables and R are generally not significant. The only significant interaction is for 2003-2006 
plus 2010-2011, and it has an unexpected positive sign. Perhaps people who file reviews are 
more aware of state aid amounts than other people, which could boost their responsiveness to 
aid, but no more aware of the extent to which STAR lowers the value of aid to voters.
Conclusions 
New York State’s STAR program provides a unique opportunity to study the impact of a
tax’s administration on the behavioral responses to the tax. Property tax exemptions from STAR, 
which lower the price of local education, are delivered to homeowners as a line on their school
property tax bill. For three years, however, these benefits were supplemented with a tax rebate 
that equaled a percentage of the savings from the exemption and arrived as a check in the mail.
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We find signs of both salience and framing in the behavioral responses to these
provisions. Our most striking result is that, despite their impact on voters’ tax shares, STAR
rebates do not affect the demand for school quality because they arrive as unlabeled income. The
importance of framing is supported both by the rejection of a model in which tax shares
incorporate rebates and by the finding that the non-response to rebates arises in all three rebate 
years, not just the year in which rebates were implemented after budget votes. The role of
framing is also reinforced by our finding that rebates do not alter the flypaper effect attached to 
state educational aid, even though they alter voters’ tax shares.
Our strongest evidence for the importance of salience is the finding that voters’
behavioral responses to the STAR-based tax shares are largest when the STAR exemptions are 
most salient due both to publicity and to the magnitude of the tax savings. The importance of
salience is also indicated by the larger behavioral response to the STAR tax share than to the
less-salient standard tax share and by a smaller flypaper effect, that is, a more accurate 
recognition of voters’ net gains from state aid, when the STAR exemptions are most salient.
Finally, we make use of the Slutsky equation to show that behavioral responses to STAR
tax shares reflect not only a substitution effect, but also an income effect, to which a flypaper
effect might be attached. Our results are consistent with the view that this price-based flypaper
effect is comparable in magnitude to the more familiar aid-based flypaper effect.
The key policy implication of our findings is that the outcomes of a property tax policy
may depend on the way it is administered. In the case of STAR, the behavioral impacts of the 
STAR exemptions were magnified by the publicity surrounding their implementation, which 
gave them more salience. Moreover, the appearance of the STAR exemptions on a homeowner’s
property tax bill framed them as a component of a household’s education budget, where they
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directly affect education demand decisions. In contrast, the STAR rebates arrived in the mail, so 
they were framed as unlabeled income and had little or no impact on education demand.
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Figure 1: STAR Application
Source: http://assembly.state.ny.us/Reports/STAR/re425.pdf
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Figure 2. Examples of Tentative Assessment Rolls, 2006 and 2008
Source: http://www.watertown-ny.gov/index.asp?NID=248
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Figure 3: Property Tax Bills with STAR Information
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Table 1. Summary Statistics (1999-2011) 
Mean Std. Dev. Min Max
Dependent Variables
Performance index 75.8 11.6 29.2 98.2
Operating expenditures per pupil 15,766 4,003 9,164 74,269
STAR- and Rebate-Related Variables
Tax share 0.399 0.149 0.022 1.053
𝑇𝑇�𝐷𝐷1=1 0.891 0.042 0.751 0.984
𝑇𝑇�𝐷𝐷2=1 0.793 0.082 0.514 0.968
𝑇𝑇�𝐷𝐷3=1 0.698 0.121 0.287 0.949
𝑇𝑇�𝐷𝐷4=1 0.734 0.109 0.303 0.946
𝑇𝑇�𝐷𝐷5=1 0.664 0.139 0.168 0.922
𝑇𝑇�𝐷𝐷6=1 0.748 0.105 0.373 0.939
𝑇𝑇�𝐷𝐷7=1 0.753 0.102 .385 0.937
?̃?𝐴𝐷𝐷0=1 0.031 0.028 0.0003 0.375
?̃?𝐴𝐷𝐷1=1 0.028 0.026 0.0002 0.302
?̃?𝐴𝐷𝐷2=1 0.025 0.023 0.0002 0.278
?̃?𝐴𝐷𝐷3=1 0.021 0.018 0.0002 0.207
?̃?𝐴𝐷𝐷4=1 0.017 0.016 0.0001 0.193
?̃?𝐴𝐷𝐷5=1 0.015 0.013 0.0002 0.153
?̃?𝐴𝐷𝐷6=1 0.016 0.015 0.0001 0.202
?̃?𝐴𝐷𝐷7=1 0.017 0.016 0.0001 0.199
Other Demand/Efficiency-Related Variables
Income per pupil 150,260 139,720 22,316 1,976,055
Percent of owner-occupied housing units 81.1 11.3 21.3 100
Percent of seniors (aged 65 and over) 14.8 3.3 3.1 38.9
Percent of college graduates 25.7 14.1 4.9 83.4
Percent of youths (aged 5-17) 17.4 2.5 6.2 30.7
Cost-Related Variables for Expenditure Estimations
Teacher salary (1-5 year experience) 18,422 8,409 1 60,290
Enrollment (average daily membership_ 2,753 3,437 66 46,550
Percent of students with severe disabilities 1.4 0.8 0 7.5
Percent of LEP students 1.7 3.4 0 33.2
Percent of free lunch students 23.3 15.5 0 90.8
Selected Instrumental Variables (IVs)
Avg. % high cost students in rest of county 1.3 0.4 0.0 3.1
Avg. % LEP students in rest of county 1.6 1.8 0.0 6.0
Annual county avg. manuf. salary 49,548 15,057 21,882 103,054
IV for 𝑇𝑇� when D2=1 0.817 0.066 0.595 0.973
IV for 𝑇𝑇� when D5=1 0.784 0.065 0.549 0.958
IV for ?̃?𝐴 when D2=1 0.025 0.024 0.0002 0.293
IV for ?̃?𝐴 when D5=1 0.022 0.020 0.0003 0.257
Notes: There are 8,038 observations, except for variables (and their respective IVs) of 𝑇𝑇� or ?̃?𝐴 for 
different years. The number of observations for these variables varies depending on when Di=1.
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Table 2. Basic Demand Results
Model 1 Model 2
Variable Coefficient Standard Error Coefficient Standard Error
𝑇𝑇�𝐷𝐷1 (year = 2000)
𝑇𝑇�𝐷𝐷2 (year = 2001)
𝑇𝑇�𝐷𝐷3 (year = 2002) 
𝑇𝑇�𝐷𝐷4 (year = 2003-06 and 2010-11) 
𝑇𝑇�𝐷𝐷5 (year = 2007) 
𝑇𝑇�𝐷𝐷6 (year = 2008) 
𝑇𝑇�𝐷𝐷7 (year = 2009)
?̃?𝐴𝐷𝐷0 (year = 1999) 
?̃?𝐴𝐷𝐷1 (year = 2000) 
?̃?𝐴𝐷𝐷2 (year = 2001) 
?̃?𝐴𝐷𝐷3 (year = 2002)
?̃?𝐴𝐷𝐷4 (year = 2003-06 and 2010-11)
?̃?𝐴𝐷𝐷5 (year = 2007)
?̃?𝐴𝐷𝐷6 (year = 2008)
?̃?𝐴𝐷𝐷7 (year = 2009)
–4.11***
–2.10***
–1.20***
–0.97***
–0.78***
–0.57***
–1.00***
11.0***
11.3***
12.9***
16.7***
17.9***
17.6***
16.3***
13.5***
(1.27)
(0.63)
(0.37)
(0.26)
(0.20)
(0.13)
(0.22)
(3.59)
(3.58)
(4.03)
(5.13)
(5.42)
(5.32)
(4.89)
(4.01)
–3.48***
–1.79***
–1.02***
–0.86***
–0.54***
–0.32***
–0.48***
9.38***
9.74***
11.2***
14.5***
18.4***
15.4***
20.7***
16.8***
(1.08)
(0.55)
(0.31)
(0.22)
(0.13)
(0.073)
(0.11)
(3.02)
(3.04)
(3.41)
(4.41)
(5.49)
(4.55)
(6.07)
(4.79)
Log of tax share –0.27*** (0.090) –0.24*** (0.080)
Log of income per pupil 0.31*** (0.080) 0.26*** (0.066)
Log of cost index –0.24*** (0.065) –0.22*** (0.057)
Log of efficiency index 5.96*** (1.80) 5.13*** (1.56)
% of owner-occupied housing units 0.00042* (0.00024) 0.00043** (0.00017)
% of senior citizens (aged 65 or over) –0.0053*** (0.0018) –0.0052*** (0.0015)
Average % of high cost students in the rest of the county 0.0056* (0.0034) 0.0055 (0.0037)
Average % of LEP students in the rest of the county 0.023*** (0.0050) 0.022*** (0.0033)
Notes: There are 8,036 observations. Regressions are estimated with year and district fixed effects, the Fuller (k = 4) estimator, and robust 
standard errors adjusted for clustering at the school district level. Coefficients in bold are treated as endogenous. Cost and efficiency
indices in this table are derived based on expenditure regressions reported in Appendix A. 𝑇𝑇�𝐷𝐷 and ?̃?𝐴𝐷𝐷 are ln 1 − X V −τ DX V } and { 
 (V V )( A Y )(1− X V −τ DX V ) , respectively. Subscript numbers on variable names correspond to time dummied defined in the text. 
* p < 0.10, ** p < 0.05, *** p < 0.01
 
 
  
    
  
    
    
    
    
    
    
    
    
    
    
  
    
    
    
    
    
    
    
    
    
  
  
   
 
36
Table 3. Selected Structural Demand Parameters
Variable Model 1 Model 2
Price Elasticities
𝜇𝜇0 for local tax share –0.17*** –0.17***
𝜇𝜇1 for 𝑇𝑇�𝐷𝐷1 –3.03*** –2.61***
𝜇𝜇2 for 𝑇𝑇�𝐷𝐷2 –1.55*** –1.35***
𝜇𝜇3 for 𝑇𝑇�𝐷𝐷3 –0.89*** –0.76***
𝜇𝜇4 for 𝑇𝑇�𝐷𝐷4 –0.72*** –0.64***
𝜇𝜇5 for 𝑇𝑇�𝐷𝐷5 –0.58*** –0.40***
𝜇𝜇6 for 𝑇𝑇�𝐷𝐷6 –0.42*** –0.24***
𝜇𝜇7 for 𝑇𝑇�𝐷𝐷7 –0.74*** –0.36***
𝜇𝜇8 for efficiency index
𝜇𝜇9 for cost index
–4.40***
–0.20***
–3.84***
–0.18***
Income Elasticity and Flypaper Effects
𝜃𝜃 for income 0.23*** 0.20***
f A for ?̃?𝐴𝐷𝐷00 34.9*** 31.4***
f A 1 for ?̃?𝐴𝐷𝐷1 35.8*** 35.8***
f A for ?̃?𝐴𝐷𝐷22 41.0*** 40.2***
f A for ?̃?𝐴𝐷𝐷33 54.4*** 53.7***
f A for ?̃?𝐴𝐷𝐷44 56.2*** 57.1***
f A for ?̃?𝐴𝐷𝐷55 57.2*** 68.7***
f A for ?̃?𝐴𝐷𝐷66 52.1*** 77.1***
f A for ?̃?𝐴𝐷𝐷77 42.8*** 62.4**
Notes: These are the structural demand parameters associated with Model 1 in Table 2 using
the formulas in Eom et al. (2014). Subscript numbers on parameter names correspond to 
time dummies defined in the text.  * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 4. Demand Results
Including Interactions with Judicial Assessment Reviews (R)
Variable Main Effects Interactions with R
𝑇𝑇�𝐷𝐷1 (year = 2000) –3.24*** (1.12) –1.35** (0.60)
𝑇𝑇�𝐷𝐷2 (year = 2001) –2.08*** (0.74) –0.20* (0.11)
𝑇𝑇�𝐷𝐷3 (year = 2002) –0.87*** (0.31) –0.45** (0.18)
𝑇𝑇�𝐷𝐷4 (year = 2003-06 and 2010-11) –0.63*** (0.16) –0.44** (0.18)
𝑇𝑇�𝐷𝐷5 (year = 2007) –0.82*** (0.23) 0.0100 (0.029)
𝑇𝑇�𝐷𝐷6 ((year = 2008) –0.38*** (0.062) –0.21** (0.10)
𝑇𝑇�𝐷𝐷7 (year = 2009) –0.43*** (0.047) –0.68** (0.29)
?̃?𝐴𝐷𝐷0 (year = 1999) 12.2*** (4.65)
?̃?𝐴𝐷𝐷1 (year = 2000) 14.9*** (5.66) 0.16 (0.21)
?̃?𝐴𝐷𝐷2 (year = 2001) 15.7*** (5.93) 0.18 (0.27)
?̃?𝐴𝐷𝐷3 (year = 2002) 23.8*** (8.92) 0.21 (0.32)
?̃?𝐴𝐷𝐷4 (year = 2003-06 and 2010-11) 22.9*** (8.72) 0.74*** (0.21)
?̃?𝐴𝐷𝐷5 (year = 2007) 20.9** (8.13) –0.86 (0.76)
?̃?𝐴𝐷𝐷6 (year = 2008) 20.7** (8.12) –1.92* (1.17)
?̃?𝐴𝐷𝐷7 (year = 2009) 18.6** (7.43) –2.54* (1.49)
Log of tax share –0.28** (0.11)
Log of income per pupil 0.35*** (0.11)
Log of cost index -0.26*** (0.082)
Log of efficiency index 6.51*** (2.36)
% of owner-occupied housing units 0.00044** (0.00017)
% of senior citizens (aged 65 or over) -0.0051*** (0.0016)
Average % of high cost students in rest of county 0.0056 (0.0037)
Average % of LEP students in rest of county 0.019*** (0.0037)
Notes: This regression adds the filing of assessment reviews (R) to Model 1 in Table 2. Cost and 
efficiency indices are derived based on expenditure regressions available from the authors. 𝑇𝑇�𝐷𝐷 and ?̃?𝐴𝐷𝐷 are 
the same in Table 2; R is the log of the ratio of reviews to total owner-occupied housing units in a county;
interactions are defined relative to the mean value of R. Other notes are the same as Table 2.
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Appendix A. Expenditure Results
Model 1 Model 2
Standard Standard 
Variable Coefficient Error Coefficient Error
Performance measure 0.26 (0.22) 0.23 (0.24)
Teacher salary 0.18*** (0.057) 0.18*** (0.057)
Enrollment –0.83*** (0.17) -0.85*** (0.17)
Enrollment squared 0.019* (0.011) 0.020* (0.011)
% of free lunch students 0.010** (0.0041) 0.0098** (0.0042)
% of LEP students –0.0015 (0.0019) -0.0015 (0.0019)
% of students with severe disabilities 0.0072** (0.0036) 0.0070* (0.0038)
% three-year log enrollment change if positive –0.027*** (0.0036) -0.027*** (0.0037)
% three-year log enrollment change if negative
𝑇𝑇�𝐷𝐷1
𝑇𝑇�𝐷𝐷2
𝑇𝑇�𝐷𝐷3
𝑇𝑇�𝐷𝐷4
𝑇𝑇�𝐷𝐷5
𝑇𝑇�𝐷𝐷6
𝑇𝑇�𝐷𝐷7
?̃?𝐴𝐷𝐷0
?̃?𝐴𝐷𝐷1
?̃?𝐴𝐷𝐷2
?̃?𝐴𝐷𝐷3 
?̃?𝐴𝐷𝐷4
?̃?𝐴𝐷𝐷5 
?̃?𝐴𝐷𝐷6
?̃?𝐴𝐷𝐷7 
–0.020***
–0.67***
–0.34***
–0.20***
–0.13**
–0.10*
–0.060
–0.11
1.85***
1.90***
2.14***
2.77***
2.84***
2.92***
2.64***
2.16***
(0.0047)
(0.21)
(0.087)
(0.046)
(0.058)
(0.058)
(0.072)
(0.17)
(0.31)
(0.30)
(0.37)
(0.50)
(0.55)
(0.57)
(0.53)
(0.79)
-0.020***
-0.67***
-0.34***
-0.20***
-0.13**
-0.084**
-0.046
-0.067
1.83***
1.89***
2.14***
2.76***
2.85***
3.46***
3.82***
3.03***
(0.0047)
(0.21)
(0.091)
(0.048)
(0.062)
(0.041)
(0.034)
(0.073)
(0.34)
(0.33)
(0.40)
(0.55)
(0.64)
(0.79)
(0.98)
(1.10)
Local tax share –0.033* (0.018) -0.036* (0.019)
Income per pupil 0.045*** (0.016) 0.044*** (0.016)
% of college graduates 0.00018 (0.0011) 0.00038 (0.0012)
% of youths 0.0025 (0.0018) 0.0026 (0.0018)
Notes: The results from this table are used to compute cost and efficiency indices for Models 1 and 2 in Table 2. 
The remaining notes are the same as Table 2.
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Endnotes
1 See Schenk (2011) for a discussion of salience and other concepts, such as complexity.
2 This discussion of STAR draws on New York Department of Taxation and Finance (2015c)
and Office of the New York State Comptroller (2012). See these citations for more detail.
3 A household that remains in the same house may not experience a decline in its STAR
exemption of more than 11 percent per year.
4 Thanks to the exclusion of renters and the SPDF, STAR provides far more tax relief per pupil
to rich than to poor districts (see Eom et al. 2014).
5 STAR administrative procedures were improved after its first year of implementation (1998-99)
(McCall 1999), thereby raising the salience of STAR among households.
6 There were 1.9 million basic and 645,000 enhanced exemptions in 1999 (New York State 
Office of Real Property Services 2001) and  2,765,194 basic and 624,474 enhanced exemptions
in 2010 (DiNapoli 2013, 5). According to the U.S. Census, NYS had 3,739,166 owner-occupied
housing units in 2000 and 3,904,123 in 2010. These figures lead to the participation rates in the 
text. Participation rates in 2014 for the basic STAR exemptions were 90 percent or higher in 
most school districts (NYSDTF 2014).
7 Figure 2 highlights the STAR exemption with a box. This figure applies to a district in which
the SPDF is 1.0; in a district with an SPDF above 1.0, the SPDF would not appear directly, but
would affect the listed value of the STAR exemption.
8 The school budget voting rules are in New York State Education Department ( NYSED, 2015).
9 The information required on a school tax bill is listed in NYSDTF (2015b).
10 See New York State Board of Real Property Services (2007; 2008; 2009).
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11 Comprehensive information on the treatment of rebates on the TARs is not available. Some 
jurisdictions appear to include them in the STAR exemption amount and some do not, but no 
jurisdiction identifies the rebates specifically. Some jurisdictions also appear to include rebates
on the 2009 TARs, even though the rebates were repealed in mid-April 2009. The jurisdiction in 
Figure 2 has 100 percent assessment, so no adjustment for assessment practices is needed. 
12 The Sahm, Shapiro, and Slemrod (2012) result cited earlier supports this view. 
13 In fiscal 2008 and 2009, 𝜏𝜏 falls into brackets with rates of 60, 45 and 30 percent for households
with incomes below $250,000. The bottom bracket is wider (and the second bracket narrower) in 
downstate counties (New York State Committee on Real Property Taxation 2007). We determine 
a district’s bracket based on median household income from American Community Surveys.
14 Earlier studies are surveyed in Hines and Thaler (1995). In addition, the presence of the
flypaper effect was also found in studies that examined its symmetry, i.e., whether local
governments including school districts respond symmetrically to increases and decreases to 
intergovernmental grants. See Nguyen-Hoang and Hou (2014) for a recent example.
15 Eom et al. (2014) multiply augmented income by f instead of (1 + f ), so their definition of the
flypaper effect is different than ours.
16 Under some assumptions, a constant elasticity demand function can be derived from an 
“incomplete” demand system in which one set of commodities, Z in our model, is not observed 
and interacts with observed commodities, such as S, only through a price index. See LaFrance 
(1986). The constant elasticity form we estimate has been widely used Duncombe and Yinger
(2011), Eom et al. (2014), or Nguyen-Hoang and Yinger (2014).
17 Using median tax share for owners is consistent with a median voter model only under the
assumption that renters do not vote, presumably because improvement in public services are
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offset by increased rents. Because of this strong assumption, we interpret our demand 
estimations as approximations of the public choice mechanism. See Eom et al. (2014).
18 In addition to A and T , we also treat the student performance measure, S, and teacher salary,
W, as endogenous in the expenditure estimation. The IVs for S are the average percentage of
high-cost students and LEP students in the rest of the county while teacher salary is instrumented 
with the average manufacturing wage in the district’s county.
19 Federal aid to schools changed in 2001 when the No Child Left Behind Act was passed, but
our results are not affected in a significant way by the inclusion of federal aid. 
20 A balanced panel leads to very similar results.
21 We exclude transportation because it is not directly related to student performance and is
influenced by a unique set of cost factors, such as population density.
22 The term “dropout” indicates “any student, regardless of age, who left school prior to 
graduation for any reason except death and did not enter another school or high school
equivalency preparation program or other diploma program” (NYSED 2003).
23 In 2010, NYS changed the test scores required to reach “proficiency.”  Our adjustment for this
change is described in Eom et al. (2014). 
24 Strictly speaking, (1 + τ) is not a constant in the last two rebate years, but it does not vary a
great deal across districts and our calculations set τ at its average, which is 0.58.
25 The Slutsky equation also indicates the indirect impact of the rebates on the µ associated with
the exemption-based STAR tax share. We find that this “spill-over” effect, which only arises to a 
significant degree in the first two rebate years, could consist of a modest decrease in |µC|, a small 
increase in f P, or by some combination of the two. The implied maximum µC changes are 0.24, 
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0.40, and 0.28 in the three rebate years, respectively, and the corresponding implied maximum
changes in f P are –4.14, –7.69, and –5.83. 
26 We are grateful to Joan Youngman of the Lincoln Institute for Land Policy for data on the 
share of homeowners in each Census block group that used an escrow account in 2000. 
27 If we replicate our model with just one aid variable, unadjusted for local tax share or STAR
tax share (the method in many previous studies), we find a significant flypaper effect of 11.3. 
The variables to correct for the STAR tax share are significant, however, and this simple model
can be rejected in favor of the theoretically more accurate one.
28 From NYSDOB (2008): “The budget process for 2008-09 unfolded in unusual circumstances. 
A new governor, David A. Paterson, was sworn into office on March 17, 2008, two weeks before
the start of the State's 2008-09 fiscal year, following the sudden resignation of Governor Eliot
Spitzer. The gubernatorial transition occurred in a time of growing uncertainty over the economy
…. In the opinion of DOB, evidence from key economic indicators … indicates that the national 
economy has entered a recession, and that the State's economy will soon follow. In light of the
deteriorating economic outlook, DOB has reduced its current-services forecast …. There is a risk
that further reductions to the receipts estimates for 2008-09 will be necessary….”
